Rationale Methamphetamine (METH) is a highly potent and addictive psychostimulant with severe detrimental effects to the health of users. Currently, METH addiction is treated with a combination of cognitive and behavioral therapies, but these traditional approaches suffer from high relapse rates. Furthermore, there are currently no pharmacological treatment interventions approved by the FDA specifically for the treatment of METH addiction. Objectives Metabotropic glutamate receptor 5 (mGluR5) negative allosteric modulators (NAMs) have shown promise in significantly attenuating drug self-administration and drug-seeking in reinstatement paradigms. However, studies assessing the potential efficacy of mGluR5 NAMs that have been tested in human subjects are lacking. The current study sought to assess the effect of the mGluR5 NAM fenobam on METH-seeking behavior. Methods Rats were trained to self-administer METH (0.05 mg/kg i.v.), and following extinction, tested for effects of fenobam (5, 10, or 15 mg/kg intraperitoneal) on cue-and drug-induced reinstatement of METH-seeking. To determine if fenobam also alters reinstatement of seeking of natural reinforcers, separate groups of rats were trained to self-administer sucrose or food pellets and were tested for the effects of fenobam on cue-induced reinstatement of sucrose-and food-seeking. Results Fenobam attenuated drug-and cue-induced reinstatement of METH-seeking behavior at doses of 10 and 15 mg/kg. Fenobam also attenuated cue-induced reinstatement of sucrose-and food-seeking at all doses tested. Conclusions The mGluR5 NAM fenobam attenuates the reinstatement of METH-seeking behavior, but these effects may be due to nonspecific suppression of general appetitive behaviors.
Methamphetamine (METH) is a highly addictive psychostimulant with potent effects on the central nervous system (Shrem and Halkitis 2008) . METH use is highly correlated with various medical and neuropsychiatric complications and has numerous adverse neurological and other health effects (Darke et al. 2008; Rusyniak 2011; Scott et al. 2007) . In many regions of USA, METH use has recently reached epidemic levels, and recent epidemiological data suggest that METH use is again on the rise despite decreasing trends in use in the mid-to late 2000s (Anglin et al. 2000; Maxwell and Brecht 2011; Maxwell and Rutkowski 2008) .
METH's reinforcing effects are generally attributed to its actions as a potent releaser of monoamines (Cruickshank and Dyer 2009; Kish 2008; Sulzer 2011) . These effects are caused by a displacement of monoamines from vesicular stores by METH, which acts as a substrate for vesicular monoamine transporters (VMAT). This results in increased cytoplasmic monoamine levels and a subsequent reversal of plasma membrane monoamine transporter direction. Attempts at developing pharmacological treatments for METH addiction have historically focused on compounds which modulate the actions of METH on VMAT, plasma membrane monoamine transporters, or GABAergic functioning within mesolimbic brain circuits (Ciccarone 2011; Karila et al. 2010; Vocci and Appel 2007) . However, as of yet there are currently no medications approved by the US Food and Drug Administration for METH addiction.
Various studies have shown that METH increases extracellular levels of glutamate in the forebrain regions such as the striatum, hippocampus, and prefrontal cortex (Mark et al. 2007; Rocher and Gardier 2001; Shoblock et al. 2003; Stephans and Yamamoto 1995) . However, in other regions of the brain such as the nucleus accumbens and ventral midbrain, it has been shown that METH can increase, have no effect, or even decrease extracellular levels of glutamate (Ito et al. 2006; Shoblock et al. 2003; Zhang et al. 2001) . Thus, the effects of METH on extracellular glutamate appear to be complex and likely dependent on brain region, dose, and frequency of drug administration. While most research on METH-induced changes in extracellular glutamate has focused on its role in excitotoxicity, more recent research has revealed a primary role for glutamatergic neurotransmission in mediating the rewarding and reinforcing effects of METH (Gass and Olive 2008) . Thus, glutamatergic transmission may be a novel therapeutic target for the treatment of METH addiction (Kalivas and Volkow 2011; Olive 2009; Olive et al. 2012) .
Receptors for glutamate are broadly classified as ionotropic (iGluR) or metabotropic (mGluR) receptors. There are eight mGluR receptor subtypes (mGluR1-mGluR8) which are further subclassified into three distinct families (group I, II, or III) based upon their pharmacology and signaling transduction mechanisms (Conn and Pin 1997; Pin and Duvoisin 1995) . In a seminal study by Chiamulera and colleagues, it was shown that mice lacking the mGluR5 gene did not acquire cocaine self-administration and were unresponsive to its locomotor stimulant effects (Chiamulera et al. 2001) . Since this study, numerous investigators have shown that mGluR5 antagonists reduce intravenous drug self-administration and reinstatement of drug-seeking in animal studies, as reviewed elsewhere (Duncan and Lawrence 2012; Kenny and Markou 2004; Olive 2009 ). We have previously demonstrated that the selective mGluR5 negative allosteric modulator (NAM) 3-((2-methyl-1,3-thiazol-4-yl)ethynyl)pyridine (MTEP) attenuates intravenous METH self-administration while exerting no effects on food self-administration (Gass et al. 2009; Osborne and Olive 2008) . In addition, MTEP also attenuated reinstatement of METH-seeking behavior induced by METHassociated cues or acute METH exposure but did not alter cue-induced reinstatement of food-seeking. Taken together, these studies indicate that mGluR5 receptors play a key role in METH reinforcement and METH-seeking behaviors and justify further investigation into mGluR5 antagonists as potential anti-addiction therapeutics.
Fenobam was first developed in the 1970s as a nonbenzodiazepine anxiolytic for human use despite unknown pharmacological mechanisms of action (Itil et al. 1978; Pecknold et al. 1980 Pecknold et al. , 1982 . In 2005, it was revealed that fenobam is a selective mGluR5 NAM (Porter et al. 2005) , renewing interest in fenobam as a potential therapeutic for the treatment of various dysfunction of the nervous system. Fenobam possesses antidepressant, analgesic, and anxiolytic effects in experimental animals (Jacob et al. 2009; Montana et al. 2009 ), symptoms that often accompany withdrawal from chronic METH use (Scott et al. 2007 ). Fenobam and several other mGluR5 NAMs have recently been tested in clinical trials for a number of medical disorders including Fragile X syndrome and L-dopa-induced dyskinesias (BerryKravis et al. 2009; Hagerman et al. 2008; Jaeschke et al. 2008) . While these clinical trials showed that fenobam was generally well tolerated with only moderate side effects, unfortunately, clinical testing of fenobam was recently discontinued due to somewhat limited efficacy and large variability in plasma levels of the drug following oral administration. Nevertheless, there is a great need to develop medications for the treatment of METH addiction, particularly with respect to compounds that have demonstrated safety and tolerability in human subjects. We therefore sought to determine the effects of fenobam on the reinstatement of METH-seeking behavior. To examine the potential generalization of effects on the reinstatement of seeking of natural reinforcers, we assessed the effects of fenobam on reinstatement of sucrose-and food-seeking behavior.
Material and methods

Subjects
Fifty-four male Sprague-Dawley rats (Harlan Laboratories, Livermore, CA), weighing approximately 250-275 g, were individually housed upon arrival. Animals were maintained on a 12-h light/dark cycle (lights off at 0700 hours) in a temperature and humidity controlled rodent colony. All experimentation was conducted during the dark phase of the light/dark cycle, with the exception of a 16-h overnight operant training session for METH and sucrose selfadministration groups which commenced near the end of the dark phase (at approximately 1600 hours) and continued through the light phase into the following morning (ending at approximately 0800 hours). Rats undergoing METH and sucrose self-administration procedures were given ad libitum access to food and water during all phases of the experiment except during drug self-administration and for 12 h prior to the initial operant training session. Rats undergoing food self-administration procedures were maintained at approximately 85 % of their free-feeding bodyweight and received food in their home cage for 1 h each day approximately 2 h after behavioral testing. Rats undergoing locomotor assessment procedures received ad libitum access to food and water during all experimental phases. Two rats were eliminated from the study due to catheter patency failure. All experimental procedures were conducted with the approval of an Institutional Animal Care and Use Committee at Arizona State University and in accordance with the Principles of Laboratory Animal Care and the Eighth Edition of the Guide for the Care and the Use of Laboratory Animals (National Research Council 2011).
Surgical procedures
Prior to arrival, rats undergoing METH self-administration procedures were prepared with intravenous catheters into the jugular vein by Harlan Laboratories Surgical Services. Upon arrival, rats were allowed 1 day of acclimation before vascular port implantation. Rats were anesthetized and implanted with vascular access ports (Model 313000BM15, Plastics One, Roanoke, VA, USA) as described previously (Gass et al. 2009 ). Following surgical procedures, rats were given 5 days of postoperative care during which they received daily intravenous infusions of 70 U/ml heparin (0.2 ml volume) to maintain catheter patency and 100 mg/ml cefazolin (0.1 ml volume) to protect against infection. Rats also received daily subcutaneous injections of 2.5 mg/ml of meloxicam (0.15 ml volume) to relieve surgery-related discomfort. During postoperative care, observation of weight loss on any day resulted in a 5-ml subcutaneous injection of saline to combat dehydration. The surgery site was also treated with topical lidocaine and triple antibiotic ointments to facilitate healing of the wound. Rats undergoing locomotor testing, sucrose reinstatement, or food reinstatement procedures did not undergo catheter implantation.
Methamphetamine, sucrose, and food self-administration Self-administration, extinction, and reinstatement tests were conducted in self-administration chambers (ENV-008, Med Associates, St. Albans, VT, USA) as described previously (Gass et al. 2009 ). To initiate operant responding for METH and sucrose self-administration, rats underwent overnight sucrose pellet training according to a fixed-ratio 1 (FR1) schedule of reinforcement as described elsewhere (Gass et al. 2009 ). Approximately 24 h following the initial overnight training session, 2-h daily self-administration sessions were initiated, whereby presses on the active lever resulted in delivery of METH (0.05 mg/kg/infusion, delivered in a volume of 0.06 ml over a 2-s period) on a FR1 schedule of reinforcement. Each active lever press was accompanied by a concurrent illumination of a stimulus light located above the active lever, and presentation of an auditory stimulus (~65 dB, 2,900 Hz) for 2 s. Animals trained to self-administer sucrose underwent the same training procedures, except each active lever press resulted in delivery of a single 45-mg sucrose pellet (TestDiet, Richmond, IN, USA) according to a FR1 schedule of reinforcement. For food self-administration procedures, rats did not undergo a 16-h overnight training session and began 2 h self-administration through spontaneous acquisition where active lever presses resulted in delivery of a single 45-mg food pellet (Bio-Serv, Frenchtown, NJ) according to a FR1 schedule of reinforcement. Self-administration sessions were conducted seven consecutive days per week. For METH self-administration procedures, each session was preceded by intravenous infusion of 0.1 ml of 70 U/ml heparin and followed by infusion of 0.1 ml of 70 U/ml of heparin as well as 0.1 ml of 100 mg/ml cefazolin.
Stabilization of self-administration was considered to have been reached when the average number of active lever presses during each 2-h session differed by less than 15 % for two consecutive days, after a minimum of 8 days of self-administration. Self-administration data reported represent the average number of active lever presses during the final two self-administration sessions prior to extinction training.
Extinction procedures
Extinction sessions were 2 h in length and commenced following stabilization of self-administration. During extinction training, responding on the previously active lever no longer produced any programmed consequences, as described previously (Gass et al. 2009 ). Extinction sessions were conducted daily until the number of active lever presses per 2-h session was less than 25 % of the average number of active lever presses during the final 2 days of self-administration responding, and when this level of pressing was observed for 2 days.
Reinstatement procedures
Reinstatement test sessions were 2 h in length and commenced on the day immediately following the last extinction session. For all groups of rats (METH prime, METH cue, sucrose cue, and food cue), fenobam or vehicle was injected intraperitoneal (i.p.) 20 min prior to the reinstatement sessions. For the METH-prime group, a single METH injection (0.5 mg/kg i.p.) was given 30 min prior to reinstatement testing and 10 min prior to fenobam administration. Following each reinstatement test session, animals were placed into additional daily 2-h extinction sessions starting on the following day. These additional extinction sessions were carried out until extinction criteria were again met, at which point another reinstatement test was conducted on the following day. Each group of rats were subjected to either three or four reinstatement tests, and each rat received three or four of the different treatments (vehicle or three doses of fenobam) in a randomized counterbalanced design. After the final reinstatement test, the animals were euthanized by anesthesia with isoflurane followed by decapitation.
Locomotor procedures
Locomotor activity was measured as rotational behavior and recorded by Rotorat version 1.2 software (Med Associates). Rats were placed into stainless steel bowls (40.6 cm diameter×25.4 cm high; model ENV-500, Med Associates) surrounded by clear Plexiglas walls to prevent rats from escaping the apparatus. Rats were connected to spring tether secured to the top of the apparatus by a rotational sensor which recorded activity. A zip-tie collar was placed around the neck of the rat and connected to the spring tether via a stainless steel alligator clip. Measurements taken were full (360°turns) and quarter (90°) turns, in both clockwise and counterclockwise directions.
Prior to locomotor assessment, rats were placed into the locomotor apparatus for 90 min for two consecutive days to allow for habituation to the apparatus. Next, rats were randomly assigned to receive either fenobam (10 mg/kg, i.p.) or vehicle prior to the first locomotor test session. The next day, rats that previously received fenobam were administered with vehicle and vice versa. Locomotor test sessions were 90 min in length, and fenobam or vehicle injections were administered 20 min prior to placing rats in the locomotor apparatus.
Drugs
Fenobam (1-(3-chlorophenyl)-3-(3-methyl-5-oxo-4 H-imidazol-2-yl)urea) was custom synthesized by Chemir Analytical Services (Maryland Heights, MO, USA) and suspended in a vehicle consisting of 0.3 % v/v Tween 80 via sonication. For reinstatement procedures, fenobam was administered by the i.p. route at doses of 5, 10, or 15 mg/kg in a volume of 1 ml/kg. These doses were chosen based on previous reports that they do not produce significant signs of sedation or anhedonia Porter et al. 2005) . Fenobam (10 mg/kg) was also injected via the i.p. route prior to locomotor assessment. (+)Methamphetamine hydrochloride was obtained from Sigma-Aldrich (St. Louis, MO, USA) and dissolved in a sterile saline for intravenous infusion. For METH-primed reinstatement procedures, METH was prepared at a concentration of 0.5 mg/ml in saline and administered i.p. in a volume of 1 ml/kg.
Statistical analyses
For all groups (METH prime, METH cue, sucrose cue, and food cue), verification that extinction training produced significant decreases in the number of active lever presses was performed by a Student's t test, comparing the average number of active lever presses emitted during the final 2 days of extinction (Ext) training to the average of the final 2 days of self-administration (SA). The effects of fenobam on reinstatement was analyzed by a one-way repeated measures ANOVA, with the number of active or inactive lever presses with dose/ experimental phase (extinction, vehicle, 5, 10, and 15 mg/kg) serving as the within-subjects factor. Holm-Sidak post hoc tests were used to determine effects of fenobam dose on reinstatement as compared to vehicle. For assessment of locomotor activity, a one-way repeated measures ANOVA was conducted on the number of full and quarter turns with treatment (fenobam 10 mg/kg vs. vehicle) as the withinsubjects factor. When tests of data normality failed, a Friedman ANOVA on ranks was utilized. Level of statistical significance was set to p<0.05 for all tests. Statistical tests were performed using SigmaPlot version 12.0 (Systat Software, San Jose, CA)
Results
For all groups, extinction training produced a significant reduction in the number of active lever presses as assessed on the final 2 days of Ext as compared to the final 2 days of SA (all ps <0.05). During METH-primed reinstatement (n0 12), a significant main effect of fenobam dose/experimental phase on active lever presses was observed (F(4,32)04.341, p<0.01; see Fig. 1a ). Post hoc comparisons revealed a reinstatement of METH-seeking following the METHprime injection, as evidenced by a significant increase in the number of active lever presses following vehicle administration versus the average of the last 2 days of Ext (p< 0.05). Fenobam at both the 10 and 15 mg/kg doses significantly attenuated reinstatement as compared to following vehicle treatment (p<0.05 and p < 0.01, respectively). Analysis of inactive lever presses did not reveal any significant main effects of dose/experimental phase (p>0.05; Table 1 ).
During cue-induced reinstatement of METH-seeking (n0 10), a significant main effect of fenobam dose/experimental phase was observed for the number of active lever presses (F(4,36) 06.44, p < 0.001; see Fig. 1b ). Post hoc tests revealed a significant increase in active lever presses following vehicle administration as compared to extinction responding, indicating that METH-associated cues induced a reinstatement of METH-seeking behavior. Fenobam at doses of 10 and 15 mg/kg significantly attenuated cueinduced reinstatement (p<0.01 and p<0.001, respectively). For inactive lever pressing, a repeated measures oneway ANOVA failed tests of data normality, and a Friedman's repeated measures ANOVA on ranks revealed a significant main effect of fenobam dose/experimental phase on inactive lever presses (χ 2 026.064, p<0.001).
However, Dunn's method of multiple comparisons did not reveal any significant differences in the number of inactive lever presses on any of the reinstatement tests (p>0.05; Table 1 ).
During cue-induced reinstatement of sucrose-seeking (n012), a significant main effect of fenobam dose/experimental phase was observed for the number of active lever presses (F(4,59)06.653, p00.001; see Fig. 2a ). Post hoc tests revealed a significant increase in the number of active lever presses during reinstatement tests following vehicle treatment as compared to extinction values (p00.005), demonstrating reinstatement of sucrose-seeking in response to sucrose-associated cues. Post hoc tests revealed significant decreases in the number of active lever presses following the 5, 10, and 15 mg/kg doses of fenobam as compared with vehicle (p<0.01). A significant main effect of fenobam dose/experimental phase was also found on inactive lever presses (F(4,59)04.369, p00.005). However, post hoc tests revealed no significant differences in the number of inactive lever presses across reinstatement tests (p>0.05; Table 1 ).
During cue-induced reinstatement of food-seeking (n0 12), a significant main effect of fenobam dose/experimental phase was observed for the number of active lever presses (F(4,59) 08.589, p 00.001; see Fig. 2b ). Post hoc tests revealed a significant increase in the number of active lever presses during reinstatement following vehicle treatment as compared to extinction values (p00.001), demonstrating reinstatement of food-seeking in response to foodassociated cues. Post hoc tests revealed significant decreases in the number of active lever presses following the 5, 10, and 15 mg/kg doses of fenobam as compared with vehicle (p<0.001). For inactive lever presses, no significant effects were observed (p>0.05; Table 1 ). For locomotor behavior, repeated measures ANOVA did not reveal a significant main effect of fenobam dose on full or quarter turns (all ps >0.05, Fig. 3) .
Discussion
The present study demonstrated that fenobam, an mGluR5 NAM that has previously been tested in human subjects for treatment of other medical conditions, effectively reduced METH-seeking behavior elicited by either METH-paired cues or a METH priming injection. Administration of fenobam resulted in a significant attenuation of reinstatement of METH-seeking behavior elicited by both METH-associated cues and by a METH priming injection at doses of 10 and 15 mg/kg. However, an attenuation of cue-induced reinstatement of sucrose-and food-seeking behavior was also observed, and all doses tested (5, 10, and 15 mg/kg). These results are in agreement with our previous findings that the mGluR5 NAM MTEP attenuated cue-and drug-primed reinstatement of METH-seeking (Gass et al. 2009 ). However, the reduction in cue-induced reinstatement of both sucrose-and food-seeking indicates that fenobam also affects seeking of natural reinforcers. These findings extend those of the previous studies showing that either genetic or pharmacological blockade of mGluR5 receptors leads to reductions in drug reward, reinforcement, and relapse-like behavior (reviewed in Duncan and Lawrence 2012; Olive 2009 ). While the exact mechanisms by which fenobam and other mGluR5 NAMs reduce drugseeking or relapse-like behavior are not completely understood, a likely mechanism is by decreasing glutamatergic transmission in the nucleus accumbens (NAcc) and/or ventral tegmental area (VTA). Various studies have revealed that glutamatergic transmission in the NAcc mediates reinstatement of drug-seeking for numerous addictive drugs, including amphetamines (Cornish and Kalivas 2000; Di Ciano et al. 2001; Gass and Olive 2008; Knackstedt and Kalivas 2009; Lalumiere and Kalivas 2008) . Furthermore, while drug-, cue-, and stress-primed reinstatement of drug-seeking initially engage distinct neural circuits, these circuits converge onto the regions of the prefrontal cortex which in turn send glutamatergic projections to the NAcc. This prefrontal-NAcc connection has been hypothesized as the final common pathway mediating the reinstatement of drug-seeking (Kalivas and McFarland 2003; Kalivas et al. 2005) . mGluR5 receptors are widely distributed in many regions of the brain, with the NAcc and VTA showing moderate to high levels of mGluR5 receptor expression (Mitrano and Smith 2007; Romano et al. 1995; Shigemoto et al. 1993) . Bilateral microinfusions of the mGluR5 NAM 2-methyl-6-(phenylethynyl)pyridine (MPEP) or MTEP into the NAcc attenuates the reinstatement of cocaine-seeking elicited by drug priming and drug-associated cues (Backstrom and Hyytia 2007; Kumaresan et al. 2009 ) as well as cueelicited alcohol-seeking behavior (Sinclair et al. 2012) . Thus, it is likely that systemic administration of fenobam exerts its effects on the reinstatement of METH-seeking by modulating the glutamatergic transmission within this region. Further studies are needed to confirm this, as well as the role of the NAcc in mediating fenobam-induced suppression of cue-induced reinstatement of sucrose-and foodseeking behavior.
Another possible mechanism through which fenobam may attenuate METH-, sucrose-, and food-seeking is via its effects on brain reward function. Fenobam, along with the prototypic mGluR5 NAMs MPEP and MTEP, has been shown to decrease brain reward functioning as measured by intracranial self-stimulation (ICSS) Harrison et al. 2002; Kenny et al. 2003 Kenny et al. , 2005 . Specifically, doses of MPEP (1-9 mg/kg) which significantly decrease cocaine selfadministration also elevate ICSS thresholds (Harrison et al. 2002; Kenny et al. 2003 Kenny et al. , 2005 . However, others have found that MPEP does not alter ICSS thresholds, nor does MPEP decrease amphetamine-induced potentiation of brain stimulation reward (Gormley and Rompre 2011) . A 3-mg/kg dose of the more selective mGluR5 NAM MTEP has been shown to decrease cue-and drug-primed reinstatement of METHseeking (Gass et al. 2009 ) and also elevate ICSS thresholds . However, only a high dose of fenobam (30 mg/kg, twice the highest dose tested in the current study) significantly elevated ICSS thresholds in this latter study, whereas a 10-mg/kg dose (which attenuated cue-induced METH-seeking in the current study) did not significantly increase ICSS thresholds . Thus, the inhibitory effects of fenobam to reduce METH-, sucrose-, and foodseeking are not likely explained by an anhedonic state produced by this compound. In addition, the lack of effects of fenobam on locomotor activity or inactive lever presses during reinstatement tests, as demonstrated in the present study, suggests that motor impairing effects of fenobam did not likely contribute to its observed effects on reinstatement. However, the effects of fenobam on ICSS thresholds ) and locomotor activity have only been examined thus far in drug-naïve animals, and fenobam may have differential effects on brain reward function in animals with a history of drug self-administration. This possibility warrants further investigation.
While the 10 and 15 mg/kg doses of fenobam significantly attenuated the reinstatement of METH-seeking, all doses of fenobam tested attenuated sucrose-and food-seeking. Although mice lacking mGluR5 receptors do not show an attenuation of food self-administration (Chiamulera et al. 2001) , recently it has been shown that mGluR5-deficient mice do show an attenuation of food-seeking under reinstatement conditions relative to wild-type controls (Eiler et al. 2011 ). This finding is not without precedent, as mGluR5 receptors have been implicated in playing a central role in regulating appetite (Bradbury et al. 2005 ) and pharmacological blockade of mGluR5 receptors has been shown to decrease responding for food (Paterson and Markou 2005) . Although we have previously shown that the selective mGluR5 NAM MTEP does not affect cue-induced reinstatement of food-seeking (Gass et al. 2009 ), possible nonspecific effects of fenobam that have yet to be characterized may account for these observations. For example, when compared to MPEP and MTEP, fenobam has been observed to exert more nonspecific behavioral disruptions in animal models of anxiety, possibly due to active metabolites of fenobam (Porter et al. 2005 ). In addition, Jacob et al.
(2009) revealed fenobam-induced learning impairments in both the Morris water maze and contextual fear learning paradigms at a dose as low as 10 mg/kg. Furthermore, it was previously shown that in humans, high doses of fenobam exerted some psychostimulant and psychotomimetic effects in a subset of individuals (Pecknold et al. 1982) . Other side effects of fenobam that have been reported in humans include dizziness, nausea, and sedation (BerryKravis et al. 2009) . It is therefore possible that such effects may have led to the observed reductions in sucrose-, food-, and METH-seeking behavior produced by fenobam in the current study.
In summary, we observed that fenobam attenuates the reinstatement of METH-seeking behavior induced by acute METH exposure as well as METH-associated cues. These findings have important implications for the potential use of fenobam or fenobam-related compounds as novel treatments for METH addiction, since studies examining the effects of pharmacological agents that are safe and relatively welltolerated in humans on METH-seeking behavior in preclinical studies are generally lacking. We also observed that fenobam suppressed cue-induced reinstatement of sucroseand food-seeking. Therefore, fenobam may induce a suppression of general appetitive behaviors, and thus optimization of fenobam analogues (Jaeschke et al. 2007 ) may be warranted for further development of mGluR5 NAMs as treatments for METH addiction.
